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1. Introduction

Tropical cyclone forecasters hav4 in the past rslied primarily

on analoq and statistical-climat-logical aids for objzctiv-_

quidance. More recently, dynamical modals have provid-d routine

guidance for most northern h-misphare .-opical cyclos.o
Development of these dynauical mod_3ls has progressad such "ha-

dynamical guidance appears to be comparabla 3z zuperior to -he

official forecasts, especially beyond 24 h (Elsbzrry,1979).

Southern hemisphere trcpical cyclone fcr-cis - ails g ?anrally

have been patterned after those used 'n the nDr-_hern h-mishn.
Such techniques are hampered by a jqficiency :f atmospharic daa.
near the tropical cyclone and in the surroundiag r=gion. Aircraft

reconnaissance has only recsntly been att_: mp. d on southern

hemisphere storms, so that the locations of th- s:orm canters ar.4
less accurate than for Atlantic and wast-rn nczth Pacific

tropical cyclones.

Among the currcnt southern hemisph-re forecas- aida is i

analog method used by the Joint Typhoon Warn,~n,.g Cn ;.z cal'd
TYAN78 (Ocean Data Systems, Inc., 1978), which is arn 'ipdat: d

.version of the eazlier analog schema (Jarrell iai Wagon-r, 1973).

Brand and Blalloch (1976) developl! a simulati. inalog -.ch-iq i-
called SWPAC which is similar to a cliaarolny and ?rsit:nc

m odel which is used by the National iurrican. -n- fo: Af r.:c

storms. The Aus-ralian Bureau of "etiorology has dev.--ipzd a:

analog scheme called CYCOGUE as part of its g uiiazc-
(Annett.a, 1978). Chong et. al. (1980) devised a :--.sn

schPm, which prcvidei forecasts with saalla ::ors tnan t h
official Australian Bureau predictions. Th-:- i- cuz::n-i!y no

operational dyntmical model foccasts 314 - for sauta tn- .

hemisphere tropical cyclones.

The Joint Typhoon Warning Center (JTWC) a- Guam v- s :--c.-.y
tasked to expand its area of forecast respornibili_-y _-o inclui-z

tropical cyclones in t4e scuthrn Tmishe- . JTWC currin:ly ,

9

S -



the analog and statistica1/climatoloqical ai&d3 includ4ig TYA1178

as guidance in preparing these forecasts. The success of

dynamical models in predicting northern heamisphecre tropicail
cyclone tracks (Harrison,1981; H arr.!-i s on and- Fio0--4no,1?82)
indicates a potential for improving forecasts in thp south,!:n
hemisphere as well.

During tha 1982-1983 storm season, JTWC wil"l1 begin operatior.3.l

testing of the Navy NIested Tropizil Cyclonq Modzl (MITC-M) 0r.

southern hemispher-e storms. This piper prtasse:s irn evaluat~ion of

the NTC31 psrformance for select-ad stormz in tht- Auztralianrein
during the period of 1975-1980. These results should provih- a
basis for estimating the performanca of the model when it bscoums

operational in the southern hemisphers tropical cyclone basinrs.

Another objective of this paper is to determine whsethar :-hs

operationally-analyzed wind fields In the data-sparse south-e n

hemisphere are adzquate to support a dynamical tzr3pical cyclouie

model. one might expect the southernL hemispher? storms to b-S zore

difficult to predict because of th1e early recurvature and ratid

poleward motion of many of these stozus. On ths other hand, cni

expects that a dynamical model is sor-3 likely to be capable :,f

predicting this type Of moti&on than are the statist4ical a:a1

analog techniques. This potential provide,:s the moti7a':ion fo)r

testing the dynamical model in the southarn hemisphttre.

2. The model

The NTCH is a threea-layer, primit'v-e=qud- *on mode-l w it a

moving, two-way interactive fine aesh grid iibseddad ;i a cca-rzz

grid channel. Details of the NTC~i iri giv--n by Harrz.on (1973,

1981). The model is currently usedl for pradizt-.ng track.7, of ror,-hI

* Pacific ocean tropical cyclones.

To facilitate comparisons ufta: the ancr:hezn Eeiisyhez:

version, the model used in this stuly was chosen to bi- i3.-nticil
to the northern hemisphere version., except fo3r -v3:riia

chanqes necessary for the southern aiemisphere ipplIc4at-Ir.. Th ;a 4
changes include the 1irzecti-on of -:he bogus ~:~ spi- d -h~
sign of the Coriolis parameter. Another boi~c .; ei

necessary due to the grid structure of the- -.ropicil analysis that

10



is available to initialize the model. the Fleet Numerical

Oceanography Center (FNOC) global band analysis is performed on a

Mercator projection from 60°H to only 40S. If the southern

hemisphere application was simply a mirrcr image of that in the

northern hemisphere, all storms south of 13.60S would cause the

relocation of the coarse mesh grid to extend beyond 40@S. As the

southern edge of the coarse mesh grid must be limited to 400S,

the initial fine mesh grid position that is centered on the storm

location is not constrained to be initially at the same coarse
mesh location, as is the case in the northern hemisphere
application. In particular, the initial position of the fine
mesh grid is allowed to be considerably closer to the poleward

boundary to fit the coarse grid within the global band domain.

Fortunately, the vast majority of the southern hemisphere

tropical cyclones experience a rapid decay well before they
approach the southern boundary of the domain.

S. The sensitivity of the model to a fixed caarse mesh boundary

at 40 degrees latitude was tested for three northern hem-sphere

cases. An example (Fig. 1) illustrates that the predicted track

with a hypothetical 40ON coarse grid limit begins to depart

significantly from the standard model forecast after only 24 h of
inte raticn. The reason the .ffects are felt so quickly is that
the application of a free-slip wall boundary condition during the
initialization and during the integration distorts the wind an

geopotential fields some distance from the poleward edge of the

domain. When the wall is placed closer to the initial stor2
location, a poleward moving storm comes into the modified flow
region earlier. Later in the integration, the wall affect becomes

more noticeable as the boundary condition on the coarse mesh grid

tends to inhibit flow normal to this boundary. As a consequence,
the storm must eventually move parallel (either eastward or
westward) to the wall. Fortunately, this fixed southern boundary

at 40*S will no longer be a problem since the global band
analysis is currently boirg extended to cover the entire globe.

One might expect that the ;redictions based on these fields will
be superior to the tests reported here, because the Initial

position ef the poleward boundary can be placed as far away as
desired frm the tropical cyclone center.
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3. Model Ferformance.

The. 3TCM was tested cn 185 cases f:cm 34 storms in -h

Australian region which occurred during 1975-1979. An attzinpt w±sa

made to select cases on a randcm basis, howevssr, th- avalla biity

of archived FNOC data fields for -he modl initialization

dictated to some extent which cases were select=!.

A. Storms east of 1356E.

Mean error statistics fcr the cases iast of 135 E a=- qiv+- it.

Table 1. The forecast error is di fin=d as the dis-ance b.we-n

the forecast position -and the corr.-sponding bsst trick pozion.

The NTCM performar.ce as measured by forecast irror for thez

cases is not as good is in the ::r-hern hemizphere where the

forecast errors are on the order of 210, 390 and 585 km at 24, 4%S

and 72 h, respectively (Harrison and Ficrino, 1982). rhe :TC4

performance appears to bc comparable or sli4htly sutaricr -o

Brand and Blelloch's (1976) SWPAC analog techniqus (243, 501 and

748 km forecast error at 24, 48 aid 72 h r-.Ispectively), -a d no

Annette's (1978) CYCLOGUE analog (272, 575 and 713 km forecazt

error at 24, 48 and 72 h respectivsiy). I: shoul1d bs =mphasiz 4

that the error s--atistics for thesi araloq scitmes ar* bised Cr

much smaller sample sizes (SWPAC hal 41, 40 ia! 25 cases a- 24,

48 and 72 h respectiv.ly; CYCLOGUE 'ad 43, 22 and 21 casz-; at 24,

48 and 72 h, respectively). Beca ase th e 3aom1z zr diffa-an-,

one must excercise caution in irtr.ing :hs. = -trhra

statist ics.

In evaluating the aod.l pezformanze, i i3 usefi2l to c)ns_.dr

not only the magnitud-4 of :he for=.cast -rrcr, b',- ilso how -ht-

error Coinares to th- actial distanze the st or has incv=d. For

example, a forecast with a 72 h er::c of 201 km may be ccii-d

qood if the storm has moved 500 km lurinq :ha- period. -

the sam- 200 km error migh- be regazned as ;i p:oz forc -.st if -

storm has moved only 100 ka. Th. -+bsarv4 .i .. nce (Fg. 2),

measure of how far the storm has ove d, is t - 'istar.c- -

the best track position and the itlal stora pi-io .. Mc-ic

that this is always si ailier thn -- e le'h of -he -4

trajectory, because of the curv-d pith between -:h. two poin-.

13



cases gast of 135~'

4 72.1

Forecast error FF (km): ~4h7

Observed1 dlstancfe 0T) (kin) 337 5bS 13

Ratio ?E/CD: .33 .83 *3

Right anqlAe arror (kii): 1147 3 1L441,

speed error (kmn) 172 233

Number of css 13 11~ lbs 1

0 14



X-SBET TRACK

W0 - FORECAST LOCATION

Fiq. 2. Schematic illustration of ooserv--d dista-.ce, ria, .t:gi
-rr~r and sp-ed e:ror definitions.
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If the ratio of the mean fcrecast error (FE) tz tha mean obs-rv'd

distance (OD) is less than 1, soma skill in forecastin may ba

said to exist. In 'he northern hemispher, the NTC,1 axhibits

FE/OD values of .58, .55 and .60 at 24, 48 an! 72 h which can be

reqarded as a 40-45% skill in forecisting. For thesp southern
hemisphere cases, the UTCN forecasts hava only a 17-20% skill.

The riqht angle error (Fig. 2) is dafi.al as the normal

distance from the forecast position to the line conn.cting th-

initial and best track positions. thus, it is a maasura of how

well the. model predicts the direction of the a-orm motion. The
distance along this line from the best track to th. in-ersec.: cz

with the right angle error line i dcfined 1s -he spoed error

(Fig. 2), because it measures the displacement 4rror that results
from the incorrect prediction of storm translation speed. The

NTCM has a smaller right argle error than the sp-ed -rror at 24 h

(Table I), but has a smaller speed error thaa right angle error

at longer forscast times.

Neal (1977) defined five categories of southaern hsmisphir.

storm motion: southeastward, southwestward, -mcuvatur_ to the

southeast, recurvature to rhe_ southwest, and looping motb-on.

Table 2 summarizes the NTCM performance accori: ng to thesp storm
motion categories. Each case is placed into a particular ca:=qo-y
according to the subsequent 72 h best track, rz:her than its
complete history. Thus, a forecast case from he earl 7 s-ages of

an eastward recurVinq storm which liter fits into category 3 may

first have been classified in categorcy 2. The 4TZ. performs bes-,
in terms of the FE/OD ratio, when the storm Js moving to the

southwest (category 2). One such forcast is p--,n.a iF Fig. 3.

The moiel was able to predict both kinds :)f :curvi:.g stcr2s
( (categories 3 and 4) moderately wall. The worst model orfrmi:.c-
was in cases of loping storms (cat-gory 5). In th.se cases, *h-

poor FE/OD ratio can ba partially attributed to he -mtll

observed distances of icoping storms rather thAn to lr :
4 forecast errors. Storms moving t- sn- soea-taas- (cataqo:y 1)

were also handled poorly.

The right angle and speed grror biases r-vail m= )f - T.e iC:

systematic error characteristics. Tha forecasts 4anirally exhibit

16



Tabl~e 2. Summary- If :JTC:1 pz:foroainc z; 1: 1350, o:i

% to ca te qo r:S of s-O:"R mcv-?MIlt (,)?S't tz:az.<-v -

(1977). The reli ior ;h-, cf 72 ' ir:ctio -~ o

is indicated in c:umlz 1 by a OP s Yn ho.

Cateqcry Ca si s ?7/O 0:) ba ~~

C: s~tzac'-

2. 7 42 3.63 zi-iU~tl itftIw

Of -)-iSt :::Lck

13 1.5 r81 12k

I
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a poleward bias in direction and slow translition zp cds. Thi-
slow tendency is m'r4 severe than for the air-hern hemispnort.
version, which also predicts storm 4ir-ctiot vry wvli

(Harrison,1981; Fiorino and Harrison,1982).

The 4ifference in performance b-ttweez the two hsmisph .res may

be due to the paucity of ataospheriz data availabls for th- FNOC
southern hemispheare analysis. If data are sparse, -he :rsul'tig

analysis fields are based mostly on -limatoioqy. Ths mpean jumm-:
southern hemispherp upper atmosphere (for en.mpl, Pdlmn an

Newton, 1969) is characteriz d by a subtropical zilge mxtndi;
from 16001 to 1706V which produces a southward ar sou-h wstviaz

enviro mental flow in the eas-rn &ustraiia region. Th
persistent presence of this climatological f- 1turz in rh; model

data could cause the polevard trazk direcrian bias. Such a

steering flow would also indicate why the mo:lil dozs wall with

cateqory 2 storms but not with cateiory 1 storms.

B. Storms west of 1350E

The mean error statistics for the cases wert of 1350 E a..

qiven in Table 3. The forecast arrors ara salle-r at 24 h a-.

larger it 48 h and 72 h compared to the aastsz. ragion cas.s
(Table 1). Notics also that the foracast erro:/observed istazc-

ratio shows comparable skill at 24 h but has vilues exc_ iing 1.0)

at 48 h and 72 h. Th- NTC3 did not perform as will az thi SiAC

analog (179, 389, and 595 km forzcis: irzor it 24, 43 a.d 72 h

for 92, 92 and 66 cases) (Brand ind Blillach, 1976), or tha-
CYCLOGUE analog at forecait intervals cther thin a- Z4 (276,

481 and 623 km error at 24,48 and 72 h for 74, 55 an! 32 ca-is)
(Annette, 1978). As poin ad out by Neal (1977), 73i of -

storms in the westirn Austalia r-Tion o .,) -h-_" scu.hW,: Sr
recurve to the east versus only 39 of tho- in th- aas- -.

region. Ths, -he storm tracks - h- - a:rea are ito-:
uniform in behavior vnich is an advantage far i a.log mct-.s n
this region.

It can be seen from the right vail- and sp=41 ;rrors that -h-

YTCM model predicts speed of transla.it:n b,-:t3 -h .n - ihac-cn.

Comparsd to the sastarn r.qion cis-s, t he -raa i- :ras=

-19
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Table 3. iean error statis-ics for szeu-:h- h-:n ir-:

cases west of 1350-.

4Th ' 72h

Forecast error F! (ka): 214 311 74

Observel distanct OD (kdi) : 2ti 47 721

Ratio FE/OD: .31 .4) 1. 12

Riqht inqle -rror (ki): 15 393 611

Speed error (km): 121 237 3.)J

Number of cass:

.... "

'-
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exrr at 24 h is associated with ar improved spad error, and th-

- poorer performance at later forecast times is dua. -o an incr'--'eai

riqht anqle error.

Alaost half of ths cases in the western rgi.on sample ,e:z
storms which skirte4 along the northwest coast -f Australia. Oe
such case is presintel in Fig. 4. The NITCI has a vwry strong biis

to the left in these cases, which accounts for much of tha

forecast error in the sample. The poor performanca of -th' NTCM in

these cases is somewhat surprising, air.ca th- .7C1 handled this

track type (Table 2, cattgcry 2) very w-l for tue storms east of
Australia. If the steering action in the model dana is correct

%-. in these cases, then onshore action f these cases should r,?sul.
One would expect rapid ditcay of the storms in .uc4 event. I- -h

actual cases, the storms do not move orshore, apparently b.cauai
that portion of the circulation which remains Dv.r-r the warm ocean
heat source is sustained. Thus, thaer- May be a propaqarion of

- circulation alonq the coast due to continued rcdcvelop'a.et over

this area. The NTCH would b unable to simulat- this prccess
since it does no, include such lifferential aeating du"_ -tc

land/ocean effects.

C. Compariscn wi-th TYAV78

The Jcint Typhoon Warning Cent.-e in Guam a use.d ar. na.:i
method named TYFOON since 1970. The schem, has sinc uieA_;ctz
several updates and modificat-,ns, t iost ece. cf waich i-

called TYAN78. The scheme currrn.nly provides guilanca for -:
northwest Pacific, northeast PacifiC, Puhw.s- ?cific,

southwpst Indian and north Indian Ocean eq anz. Rzcoar o'
TYAN78 performance in the sovithwes- Pacific jr? no" avaiial-?.
Recent performance of thi analcq :a tha morth.a- . Pacific I:.in

indicates average forecast errors of 240, 453 ad 685 km at 24,
48 and 72 h, respectively (Annual Typhion p .r-, 1.7); A,i

Tropical Cyclcne Report, 1983-1981).

To 2valuate WTC'4 performance v-rsus TYAY75 in u h.
Pacific region, the analog t-chniq~ie was run fDr cas-as in -h

ITCH sample. Because TYA478 requi-s 4d h of nr'vi~us -

data, some cses coul not be run. r iiivt or :--av..
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from th-3 NTCM sample, as were cas---s for which : r:aloqs coull no,:

be found on the record tapis. Thus, tho followinq compa:-sonj ar
for a homogeneous sample.

The mean error statistics for :'.e TC and rYAN 7 8 ciz-as eas-

of 1350E are presernted in Table 4. fh .= number of cases ivail bls

for comparison is considerably smillz.r than f-" -he or-iqinal
sample, especially at 72 h. The NTC*I error sta-i-sics are sm-ila:

to those cf the tctal sample (Table 1) despit; -:hi small-: sa,,pi=

size. The analog method p.rforms better in t-:ms of the fo-:-crs:

error and FE/OD ratio than the NTCM at 24 h, abou. -he sane a: aS

h, and vcrse at 72 h (Table 4). Thus, the anmLog method p rforms

proqressively worse as the forecasts move farther from t-.
initial and 48 h history pcsitions upon which they are based.

The mean NTCH and T!kX78 error statistics for a homoqen-ous

set of cases west of 1350E are presiated in Table 5. Again, -h

number of cases in th_ homogeneous simple is much small r than i:

Table 3. The NTCN error statist ics are somewha- i-*grad-d

relative to those of the t&,al sample (Table 31 especially a4 3
and 72 h. Furthermore, the TTkN78 results are much b=t*-4r than

the NTC, in terms of the forecast ?rrot and FZ/OD ra-o:s at all
forecast times (Table 5). Thus, the TYAN79 S--for s as ieil 31

the western region cises as did -he CYCL3GUE and SWPAZ anal:,g

techniques.

Th-i southern hemispher- TYIN78 perform: much b--t-r or. - -

western reqion cases than it g-narally i I in -h nor-he

hemisphere. This may be due to tha more uniform bahavior cf -z
western region casqs as mentioned earlier, or lsz -ha- --

sample is too small for valid comparisons.

D. Comparison with TCWC official forecasts.

Records of official forecasts aide by the has'iralia z 3u:aiu of

Meteroloqy lrcpical Cyclcne Wari ag Can-z.s (TCIC) -2 C :C
readily available. Annette (1978) "ncluded officia.. ani ZYCLY'I7
for-cast error sWatis-ics for five. storms d'irinq 1976-1,377. Tab!1:
6 summarizes the .TC, orefcrmance on thdse sto.rs. (minus t
cyclone Ted, for which FNOC data #er . unavaiaol ) -rsu- "

TCVC cfficial for-casa.s and CYCLOGUE forecasts.
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Table 4. Mean er:or saatis:ic for I. am:fl-.o u s z! a
southern hemispherse 'iTC:I an.A T¥Y173 cases :.s- of 1350 .

. statistics ar . to th4 !f - of tirz slisb; TYA'173 -o - .-z

-. 2'h 4Th 21

Forecast error FE (k.n): 247/206 452/ 43 67'1/747

Observed distance OD (km) 3 335 611 375

Ratio FE/OD: .74/.62 .74/.73 .73/.45

Right anqle error (km) : 11/139 31 /33a 1439/573

Speed _?rrcr (km): 173/129 272/25 -'_3/-42

Number .f cas-es: 73

°2

-. - ..-. . . _ _ _ _ _ _ _ _



P.1

Table 5. Similir tc Tible 4 - c: S- 0 133.

Forecas- error FE (kn): 21.3/197 543/31 767/

Observed distance 0D (kn) 271 517

Ratio FE/CD: .73/. 72 1.31/. 74 .'s/.77

Riqht anqlF error (kn): 14,-4/126 462/27; ',/Th

Spepd _-ror ('i): 121125 Ij5/235 241/2.9

Number of cass 31

!'2
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The NTCM does as well as the analog :criu 12 h

However, CYCLOGUE performs progress-.ve:ly bft t-.: a- laltr fo:;:cas-

times, with especially noteworthy pzerfcrrnanca at 36 h for- Fir-i

and Leo. It should b-- noticed that all of zhaes= c~is-s are zi -4-

proximi-ty of the coast. Svean so, t h ; INTC M fz):ecazt e~~ :

about the same as tie official forecast -3rror-3 at 12 and; 2L& A.

4. Post-Pr-ocassinc of Model Forecasts

Elsberry and Fril~l (1980) p~opos--l a s-:ati-si-cal -zchriatizft

post- proces.zinq the- tropical cyclone-- tracks of teFNOC ropical

Cyclone Modal (TCN) . The techaiqume use-s 1 -; i -E ainar

reqression equaticns to rsmov-a systamatic bias in 6 T--M track
forecasts. The p-rfllctors uzed in the-: 9quationas a=- tihe storms'
initial latitude and longqitud- plus various zonal and mtiridional

compornts of -h- mode 1-prsdic-: l storm aioac~t z'11
velocity. The most important przlir=tor)s ia:& zhcse which :sJ

from comparison C,. the best -:rack with -lie fore-cast Efcund by
.nteqraticn of the model backward i-a tima.

Peak and Elsberry (1931) a p p 4---I -the saaa tec'hni-que t c t h

northern himi-sphesri version of 7he NTCI, bui: wi-'Ih bickwaril

extrapolatiJon PCS to ns nn st t-a d ~f back4ara :n:d

positions. The tcchnIque decresased thz ITC21 72 hn fo-a~ rror

by 110km. If cyst---matiLc bias 1:) -s ixis- i-, thesut

hemisphar e tracks, the same :t-- chn -'q ae sh oil1 lmprove t-hz

forecasts.

A. Zast of 1350B.

The srror: bias charicacteJisics '-fthsohrn ishe iY

forecasts east of 1350E arze shown -i Table 7. "Lh numbezr ')f cas-,s-
is sliqhtly small-*r b-acause thos.es oais-s withouit :1 36 h hi.z-cry
are 4inappropriate for *:he poStpro-eezSinq schzme- And isr rzmov-4i

Thus, the forecast error for hse c a ss S Usc s'.iqh-:1y

differ-art froma thcse of the to--al samplea (Tai-l- 1) . ! r.h*Z')1
error bias (Table 7) inadicate-s tha- -h,3o a: hav-.- a i n

bias to the-r east of the best trac-k, asp%-cially -a- 72 7- '14

meridi-onal e4rror bias indicates a zlight zouthw~tr1 bias i , --
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Table 7. Means (7) ani s-ai,.,rl 1(v _.irns 4) (k.l) If

error and zonal anIi mn=riional --:.ror lri.s-s f l. 'i-r

hemisphare arC:i c sa-s . of 1350-.

S:ircO FROR PIAS

Forecast Number Fo-.st 1 -1 al I nA

Time (h) ,f Cases Zr or 

•12_ 110 13..7  -36 1 '1 rl% "a7

24 110 249 -53 213 -4 16 3

36 110 367 -71 3n6 'i 263

48 110 '473 -53 40"" 29 342

60 110 5,31 -57 53

72 113 7> 3 -i5 621 -54
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48 h and a northward bias at 72 h. This is -3-5:ia: -. L- bus of
the northern hemisphere version, although th2 zor.al errors are

larqer, as is the 72 h meridional bias.

The 110 cases are randcmly diviled into a 73-case deparen-

sample and a 37-case independent sample. It car be ier. 'n Fig. 5

that the systematic zonal and merilional bias trends ar . similar

between the samples, although the zonal error is larger i. the

dependent sample and the 36-48 h meridionl =rrorr of -_e

independent sample ar- positive. Thes; differences may Irzand-z

the nec essity of a larger sample.

Zonal and meridional regression -3guations wzre derived for "h=

dependent sample. The reduction ia vdrianc4 by the r~gressicn

equations ranged from 29% to 62% and averaged 47T. This =educ-ion

in variance is considerably greater than that of the r-gression

equations derived for the northern hemisphere version (PeaK and
,lsberry, 1981). The regression scheme gendrlly reduces both

the means and standard deviations of the zoaal and meridional

error biases in th. itdep-ndent samplB (Tabla. 8). Som slight

increases in bias result from the lifferent bias characteristics

of the samples.

The mean 3TCM forecast errors 3f the indaDer Eat sample wi-h

and without :he reqression adjustment are about -.he sma as th-

comparable errors from the dependent sample (Tabi-z 9). Th post-
processinq decreases the mean for.=as: error or the rne-

sample by 63 km a. 12 h to a maximum of 152 km at 72 h. 7he sama

error decrease occurs on the ind'pendqnt saipla -xcrp- - : a

smaller 122 km decrease at 72 h. Thas, the .N. forecast m ors
with statistical pos--processing ize cnsi.er-bly !es: t for

the TYAN78, SWPAC and CYCLOGUE analogs. rh- im3rov-m-Int in

forecast error reduces the FE/OD ratio to .63, .62 ard .69 a-. 24,

48 and 72 h. An txample of the forzcast iapr:vimenv ma e Dy the

reqression scheme is presented in Fig. 6.

Scatterplots of thz. uniodifiel in3pen-'.t Zample f::cca.3t

errors (Fig. 7) reveal that the :.qr-ssion ec e impr:e th -

forecasts of almost 75% of -he cis-s a-t 2i, 43 an! 72 h.

Differ ent bias characteristics b; ta .e r dhe ,en de n: an d
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Table I. lans (7) :.l s77,i lar" .1v .:ii.nj ~ ~ * -- '--

biases befcr: ant! aft-rZirssZ r I C a - :.; . - e-%

135 0Z.

PT M

Forecast III mb .4r 7~1r~~. 7. ':i -ii

iases f Cas -c -,7C.

12 37 -27 123 -14 1J,4 -2 5 -9 r

24 37 -67 22n -. 3L 173 -31 161 -19 11

36 37 -36 330 -11 266 -33 _2-? -33 125

48 37 -35 :32 - 3 327 -L7 353 - : i,

60 37 -1 15 56 1 -32 37. -7+ -25 2S-

72 37 -143 -?11 - 3 1436 -41 574 -1 3
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Tabl 9. lear. (x) and s-tan rla-' via,:'.3 (w) :)f

hemisphere ITCM "_:,r cist zrrcrs ; -S- .- ,

modification for casas . of 1350-.

Forecast -- ober :I I 7-

Ti me (h) of Casxir x":

12 74 131 796 7"i

24 74 253 125 179 )3

36 74 376 133 277 1

48 7 4 474 254 332 211

60 74 582 317 447 26J

72 74 703 3 1151 15

Forecast .uber 2.

Time(h) of Ca s x 7

12 37 143 7 4)

24 37 26 3 131 17,j .11

36 37 370 22%) 2'. 175

4837 U63 2 1 3,4 3 .4

6J 37 5RZ4 2:?

72 37 '9 .1 '37' ,
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independert samplas accounts for tha slight 3raa:ion of 251 of

the cases.

B. West of 1350E.

The error bias characteris-ics of the a.plicable sou:zi.rn

hemisphere TCM forecasts vast of 135°E ar. shown in Tiald 10.

There i3 an eastward bias from 24-43 h atd a vary lirg- w'.stward

bias at 72 h. The meridicnal ias _n-ioatls a v-z.y iar,

southward bias that izcreases with "im?. Case- i-:h such stzong

bias should be improved by the postproc_ ssing; howeve r, th= small

sample size in the western region may hinder -.h= performance of

the scheme with independent data.

The 52 casas are divided into a 35 case Iepeni-.t simplh and i

17 case independent sample. The aystsmatic zozal and meridional

bias tr.nds of the* samples (Fig. 8) are similar up to 48 h. Thera

is a smaller indepen4ent sample m2:idional bias at 60 and 72'h

and a smaller 72 h zonal bias. rhe 60 h zonal biaz- s a=; of

opposite siqn. These differences are probably due to tne small

sample size.

Zonal and meridional regression -ua.ions wen- 'eriv~' "or -=Iu
dependent sample. The reduction in variance by -he ua-.on

ranqed from 26% to 90% and averaged 571. Thiz reuuctior. i

variance is larder than that for -ha east-r:- re.gicn ca~cs,

possibly due to rhe xtrime systmiatic bias -he - -idionai

direction.

The reqression scheme ia generally -uccssfril a- :rducinq -h

means and standard deviations of -.he indea men-'.n- a I oLas

(Table 11). The. sch-mea performs poorly whe.r -:hare is a tias
di.ffersnce between the dep.dent and indep.n-dzntn. s.mplcs, whiCh

aqain indicates the need for a iarq-r sampl.

The mean forecast erro-s of th . ' in-, apla n e bci-
the same as for the deperdent sample from 12 to 36 L hu- grow

considerably small.r from 48 to 12 h (Table 12). The poE--

processing decreases the forecast error in th- uep--nd=nt sampl-

by 40km at 12 h up to 560km at 72 h. The irnl d-n sim~lt
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Table 10. Similar "-o T;Ablz 7 c: r s : f157

Forecast lumber Foritc r ~~ r. cai

Time (h) of Cases 2r r ~r x

12 52101 11 1- 2 71

24 52 215 -23 162 125 1

36 52 359 -10 253 -73,1 17ii

48 52 533 -55 361 34 271

60 52 641 1 326 31 31'?

72 52 76 64 5' 9
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Table 11. Similar to Tib!.! 8 exc . ": f cr -- . - 1357.

,"T °

Forecast x umbeZ Zon 41 D:i.nic-2 . .i : .

Time(h) of Cases 7 a- 7 " 7 a y

12 17 - 5 99 2) 71 -22 7 1 3?

24 17 -24 166 115 1 JIA -5 136 -1 ;5

36 17 -13 26A 232 151 -12 263 -23 1.4

48 17 -44 349 34 193 -74 351 -2 116

60 17 34 442 311 27 a -32 435 -?3 2

72 17 42 555 44, a20 -131 561 -;2 -

38
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Table 12. Similar to Tabl, 9 ixzp p for casis is s 13 .

Forecast Nu m ber 11TC 1 ZC 3RSS iT;

Time (h) of Cases C X"

12 35 99 7) 7

24 35 20 3 114 12 2

36 35 305 14.) I ,31

48 35 55) 32 214 !22

60 31 739 114 2'31

72 25 7q I 34J 23 1 121

-" I~~''iO .. .. D .: A i '

Forecas- Nll Mb er

Time (h) of Cases

.

12 17 1 C1 -5

24 17 19,9 1j3 1,

36 17 347 15 " 7

48 15 4S3 2)4 31, 1 ,3

60 15 522 23 '

"6 72 15 33a 3If,
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forecast error ar;4 reductions are 40km at I&' h aad incr;_asinq t

167km at, 48 h. The error reduc.ion t:hen? decrl~iz:_s to 138km at 72
h. The forecast errocrs ar=- reduczi by thea ocs:-procc~ssi::g -,o
values smaller than t16he TYAN78, SWPtZ and CYCL33UE aralogu.eis. Thil
improvement in forecazt error raeducss the FE/0D rioto .40, .58
and .73 at 24, 48 and 72 h. An x aml ofDh.frAa.

improvement made by the regressi-on scheme is Inrig. 9.

scatterplots of th-i unmodi fied itdependeat 3amupl-, for:_cas:

errors versus the regreassion modi,"iel forecas- -rrors (Figq. 10)

indicate that 75% of the regressi on molifi-d cases have smailz:
foecs error t1an t a uod ifie- -d cases a: 24, 48 and 72 h.

Oaf crtunately, four cases of -_xc:_%len~t 72 h JITCM forecasts dre

deqrad-3d by the applicati on of the regrassior. idjustment..

5. summary and Conclusions

The perfcrmance of the Navy Nestad Tropical Cyclor.- model --s

evaluated for southern hemi.sphere tropical cyclonas. FO: Storms

east of Australia, the NTCM mean foracast ro is qgenezally lis

than the SWPAC and CYCLOGUE analoq methods. In a homogeceous

comparison with TYAN78, the NTCM tracks were Worse a: *-arly
forecast tiaes and better at !ate:z form-cast -Imes. nsist fr
Australia, the *cdal qene rally p-A:f ormad dcr3-: -.ha. It h -: a n i
techniques. in a limited compari-son of 12 and 24~ h f:crcas-:z,
the HNTCM had errors comparable to -:he TCWC offici*a foz~castz.

The STCM tends to have: a pole:-wa:d diretina bisi h

4predicted tracks. This bias may be atrihute i to -:h~ lacK *:f

observations, wich causjes the iritlysis sca~m4 to :vr
climatol1o qi*cl vilu ea. The NTCM ilso ii 1 to3 f-zec a z s -.o m
tracks well niear ti-e Australia coast, '?.jal i he wzst-:-:

cases, presumably due to lack if consileri-zlon of !ana/s~aa

effeRcts In the model. It appears from th is = r ? s thar th-
VTM despite th4 paucity of ataospheric lati, lo'S iiw -Tom--

skill in pred icti n tr acks of s,:)u a rn -.4zA: ::opl
cyclones, but not to ~h xe:obscizvuiin :'-:t

hemisphere.

Statistical po; t-proc-?ssin_; of t he nodtil r~a : 3ul.. n
a siqr~~~ificant reduct ion iam~ forecast err. : h ~i;
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east cf 135 E tht, mean errcrs -ire imorov d by is much a~r 150km i,

72 h. The weste:: rsgi4on forscast improvex;n'. is -:--- 7.-at7=,
such thit tha regrezssi-on mcdi4fi--d ITCM for=.ca-s':! er- saioerioz c

the a-.alcq forecazts.

It must bs strtzss-ad that thiJs e3valuatiar. is preliminary and

can only be used as an indicator of th4 futrr- ope ratioral

performance of tha modql. A aumbp= of -Fact-.rs, includi--q tha us--

of le-zs accurate warn- :nq t-ack fixe:s and the us= o:f a n,-v global

band analysis sch-ime will have a significant -i2prict cm the rzeal-

time 14TCH fcracas-s. Nevertheless, :he re-ul.3 prsnted h--:e-

are an *?ncouragizq indication that :he opsrati:naL impl--zata-ion

of ths HTCH will lead to improved soun:harn a-=.izpher--- tropici

cyclone warnings.
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